In a previous series of papers,' we showed that when solutions of rabbit serum are allowed to stand for 2 hours, the value of their surface tension decreases. The difference in dynes between the two values at the beginning and at the end of the 2 hours was termed time-drop. It was observed, moreover, that the presence of antibodies increases the time-drop of a serum. 2 When different dilutions are made, a maximum drop is observed at 1:10,000.3 In order to account for this maximum, the view was advanced that, at a given concentration, the number of surfaceactive molecules, or micellae, capable of wandering from the bulk to the surface was exactly sufficient to cover the area offered to them, without piling up; that, moreover, these micellae were organized geometrically side by side, as a pavement, and oriented in the same way, thus forming a homogeneous film limited toward the air surface by one kind of atoms, and toward the liquid surface by another kind. In the present communication, we propose to discuss the significance of the figure 1:10,000, and to deduce the consequences of the above mentioned conception.
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Let us assume that this hypothesis is well founded, and that the size and shape of the molecules are invariable. Then, the maximum time-drop in 2 hours is function of the ratio of two quantities, 1 du Noiiy, P. L., J. Exp. Med., 1922, xxxv, 575, 707; xxxvi, 547 . 2 du Noiiy, P. L., J. Exp. Med., 1923, xxxvii, 659. 3 du Noiiy, P. L., J. Exp. Med., 1922, xxxv, 707. 37 volume of liquid and area of this volume; in other words, the maximum drop at 1:10,000 characterizes the vessels used in our experiments. The watch-glasses employed were always filled with 2 cc. of liquid which spread over a free area approximately 12 sq. cm., with a maximum depth of about 2.5 mm. Should the same amount of liquid be allowed to spread over an area twice as great, it is quite obvious that the film could not be formed, for lack of molecules. It would then be necessary to increase their number in the solution; that is, to use a more concentrated solution. In this case, the concentration should be twice as great. Thus, the concentration has to be increased every time the surface is increased with respect to the volume of liquid. In our watch-glasses, assuming that the molecules are adsorbed not only at the free surface but also on the glass, the ratio, 24 sq. cm. = 12, corresponds to a homogeneous mono-2 cc. molecular film at a concentration of about 10-4 . If this ratio were 120, the film, to be perfect, would require a concentration of 10-3 (ten times more molecules per unit of volume), and so on.
It is well known that when a solid, a sphere for instance, decreases in size, the ratio, Surface increases very rapidly. In the case of Volume colloidal particles, the ratio becomes enormous. Consequently, an attempt was made to calculate the dimensions of a container in which the ratio -would be so large that the surface-active molecules of pure serum would be adsorbed in an oriented, monomolecular film; in other words, a vessel in which this ratio would be 10,000 times larger than in a watch-glass; viz., 120,000. It was found that, provided the shape (flat disc) is unchanged, it would require a diameter of 5 (0.0005 cm.) and a maximum thickness of 0. 3 u. Though the thickness is almost ten times less, the diameter happens to be of the order of magnitude of the living cells (5 to 15,u). This observation led us to look at the problem from a different point of view, and no longer to consider the liquid contained in the cells, but the surrounding liquid; namely, the plasma in the arteries, and especially in the capillaries. Assuming that in small capillaries, the cells al-most obstruct the vessels, which is the case as shown by microscopic examination of transparent flaps in live frogs, the calculation was made for. a capillary 10A in diameter in which 2 cells, 5 in radius and 2 A in thickness, would flow every 10.
The ratio V was equal to 19,300, when the total area and the total volume were taken into account. But capillary vessels are rarely circular in shape; observation shows that the cells often are squeezed and must alter their form in order to pass. Then, assuming a moderate flattening of the vessel, and reducing its section to an ellipse of ratio (great axis = 10, smaller axis = 5 ), we find V = 116,000, whichisvery close to 120,000.
Of course, these conditions may be considered as somewhat arbitrary, and it is not our aim to lay emphasis on the quantitative agreement of these figures. However, very little is known concerning the concentration of red and white cells in the capillaries. It varies according to circumstances, probably within great limits. Danzer and Hooker 4 found that one of the annoyances in determinations of the capillary blood pressure in man, when the criterion employed was the cessation of corpuscular flow, lay in the fact that often the large and conspicuous capillaries were filled with stagnated corpuscles, and they noted that in the course of the observations it was not uncommon to find that a previously stagnated vessel had become patent and that, on the other hand, patent vessels became stagnated. In a recent contribution, Krogh 5 reached the conclusion that in muscle at rest many capillary channels are occluded. Moreover, it must be born in mind that the caliber of capillaries is constantly changing and that the changes are independent of the pressure of the blood supplied to them, as was observed as early as 1879. average decrease in diameter of from 18.5 to 7.8u. s 8 Interpreting these values as Hooker 9 does in terms of sectional area, the crosssection of the relaxed capillary is found to be 0.0011 sq. mm. as compared with 0.0002 sq. mm. for the contracted capillary, a fivefold difference. Capillaries under 10p are not so frequently observed to contract; nevertheless, Steinach and Kahn' noticed vessels of 10u reduced to 3 to 4 t: in diameter under stimulation. However, conditions are quite different when pure serum circulates in capillaries and when it stands diluted in a watch-glass. The orientation and consequently the space occupied by the adsorbed molecules are probably function of the nature of the boundary, and different in the case of air, glass, and endothelial cells.
For these reasons, no accurate coincidence of figures can be expected and, if a satisfactory accord is found, it must not be looked upon as a reliable expression of the facts, but simply as an indication concerning the order of magnitude. Therefore, it may be stated that if it be assumed that the maximum time-drop in the surface tension of a serum solution is due to the organization in an oriented monomolecular layer of certain active constituents of the serum, it is probable that such a layer corresponds to the optimum 8 The measurements of capillaries at rest and during stimulation reported by Steinach and Kahn 7 are as follows: , Physiol. Rev., 1921, i, 112. activity of these molecules, as there is no piling up or overlapping. Consequently, it is logical to think that in an animal the concentration of the body fluids will be such as to permit their optimum activity. When calculations are made on these assumptions, starting with the size of the capillaries filled with pure blood, it is found that the maximum drop of surface tension, in vessels such as those used in our experiments, must occur at a dilution comprised between 1:3,000 and 1:10,000, which is in conformity with the experiments. Considering the extreme difference of conditions and the necessary inaccuracy of the calculations, this accord is rather striking. It must also be noticed that, should the figures be correct, it would indicate that the pure serum is slightly too concentrated for a perfect distribution of single molecules. This might be expected, as the liquid is in motion instead of at rest. Doubtless, molecules adsorbed at liquid-solid boundaries (such as blood walls of cells and capillaries) are kept in place by much stronger forces than those which are only due to the surface energy of a gas-liquid system. Thus, it becomes possible to suppose that, in the circulation of the blood and the lymph, the walls of the vessels and all the cells are coated with a polarized layer of active molecules. Conceivably, the wall of the cell itself is not the only membrane which separates the inside from the surrounding fluid; a protective, chemically active film envelops and follows it everywhere. The inner layer of identical and symmetrically disposed atoms, directed toward the cell, differs from the outer layer of atoms, and a slight change in the outside fluid, affecting this outside layer of atoms, may affect in the same way all the atoms of the inside layer which, in turn, will affect the wall of the cell. This hypothesis is supported by experiments on the time-drop, would give a logical basis to the normal concentration of colloids in the serum, and, further, would explain the powerful action in vivo of exceedingly small quantities of substances. It is in accord with the laws of the "best possible utilization" of materials in a living body. The probabilities incline one to suppose that in such highly complicated mechanisms as organized animals which, from a thermodynamical standpoint, are as near perfection as possible, the capital problem of interchanges between body fluids and cells is solved with the utmost efficiency.
